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LASER BEAM MACHINE WITH MODE
CONVERSION

The present application 1s a divisional of application No.
08/731,526 filed Oct. 16, 1996.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for fabricating
a full-color-displaying liquid crystal display device improv-
ing the display quality by trimming a color filter on a
transparent substrate to form an opaque film (black matrix)
around the color filter and thereby eliminating stray light.

2. Description of the Related Art

An art has been known so far which improves the display
quality by forming an opaque film (black matrix) around
cach color filter on a transparent substrate and thereby
climinating stray light in the fabrication process of a full-
color-displaying liquid crystal display device as disclosed in
the official gazette of, for example, Japanese Unexamined
Patent Publication No. 282223.

The outline of the prior art 1s described below. First, a
transparent electrode linearly extending at a certain pitch 1s
formed on one side of a transparent substrate made of glass
or the like to form a photoresist layer on the transparent-
clectrode formed plane, thereafter a mask having a plurality
of slits 1s superposed on the photoresist layer to apply
exposure light from the mask side and develop the layer, and
then undeveloped photoresist 1s removed to leave a stripe-
like photoresist layer crossing a plurality of transparent
electrodes. Then, R (red), G (green), and B (blue) color
filters are superposed on exposed transparent electrodes
without a stripe-like photoresist layer formed on them by the
clectrodeposition method, coloring method, or printing
method and baked and cured. Then, the stripe-like photore-
sist layer 1s removed by an alkali solution or the like and
thereafter, a photoresist layer containing black pigment
(so-called black resist layer) 1s formed on the color filter
formed plane (transparent electrode formed plane) of the
fransparent substrate to develop the layer by applying expo-
sure light from the back, and finally a matrix-like opaque
f1lm 1s formed at gap portions around the color filters by
removing unexposed black resist.

However, to form an opaque film (black matrix) around a
color filter by the above conventional method, there are
problems that the fabrication process 1s complicated and the
cost 1s 1nevitably mcreased because exposure and develop-
ment of a photoresist layer must be performed twice.

Moreover, the above conventional method has a problem
that, because photoresist having a heat-resistant temperature
of approx. 150° C. is heated up to approx. 250° C. when
baking a color filter, the photoresist causing seizing in the
baking step adheres to the surface of a transparent electrode
and 1s not easily removed. That 1s, because exposed photo-
resist changes to gray in color, if a part of a stripe-like
photoresist layer remains, photoresist (black resist) thereaf-
ter formed 1s locally insufficiently exposed, a non-defective
opaque {ilm 1s not formed around the color filter, and
resultingly the display quality i1s deteriorated.

SUMMARY OF THE INVENTION

The present mvention 1s made to solve the above prob-
lems of the prior art and its object 1s to provide a liquid
crystal display device fabrication method capable of 1nex-
pensively forming a desired opaque film around a color

filter.
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To achieve the above object, the present 1nvention uses a
laser beam machine provided with a laser beam machine
body for converting a linear polarized beam of a laser beam
supplied from a laser beam oscillator to a circular polarized
beam by a phase difference member, thereafter leading the
circular polarized beam to a beam splitter, and thereby
dividing the laser beam to a plurality of linear polarized
beams and applying these divided beams to a workpiece as
spots through an object glass and an XY table capable of
mounting the workpiece and transferring it in two directions
perpendicular to each other; locally removes the color filter
by applying the divided beams to a workpiece obtained by
forming a plurality of transparent electrodes extending in
one direction and color filters superposed on the transparent
clectrodes on a transparent substrate at a certain pitch in the
direction perpendicular to the longitudinal direction of the
color filter while mounting the workpiece on the XY table
and controlling the XY table; thereafter forms a plurality of
color filters separate from each other on the transparent
substrate, and then forms an opaque film made of black
resist around the color filters. Moreover, the above object 1s
achieved by setting the phase difference member so as to be
rotatable about the optical axis of the laser beam.

It 1s possible to remove only a color filter from a trans-
parent electrode by adjusting the power (energy level) of a
laser beam and applying the laser beam. Therefore, by
controlling an X table and a Y table and thereby moving the
transparent substrate along a predetermined orbit in a plane
horizontal to a beam spot, it 1s possible to simply trim a color
filter formed like a stripe on the transparent substrate
through the transparent electrode at a certain pitch in the
direction perpendicular to the longitudinal direction of the
color filter. Therefore, 1t 1s possible to omit the masking step
which has been performed to specily the shape of a color
filter and the photoresist exposing and developing steps and
moreover, simplify the fabrication process.

Furthermore, because a color filter 1s trimmed by applying
a plurality of divided beams, a plurality of portions can
simultaneously be trimmed and the machining time can
orcatly be decreased. In this case, though the power of every
laser beam necessary to remove only a color filter must be
adjusted, 1t 1s possible to remove a fluctuation from powers
of divided beams by properly rotating the phase difference
member provided for the optical system of the laser beam
machine.

Furthermore, as described above, when it 1s unnecessary
to form a photoresist layer before baking a color filter, the
problem 1s also solved that photoresist causes seizing and
remains when 1t 1s removed. Therefore, 1t 1s possible to form
a non-defective opaque film around the color filter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view of an XY table built in the laser
beam machine of the present embodiment;

FIG. 2 1s a side view of the XY table in FIG. 1 whose
illustration 1s locally omitted;

FIG. 3 1s a general side view of a laser beam machine
including the XY table 1n FIG. 1;

FIG. 4 1s a side view of the portion of a safety cover for

covering the laser beam machine in FIG. 3 corresponding to
FIG. 3;

FIG. 5 1s an illustration showing the layout of an optical
system of the laser beam machine in FIG. 3 arranged 1n the
optical path of a laser beam;

FIG. 6 1s an 1llustration for explaining an laser beam
oscillator of the laser beam machine 1n FIG. 3;
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FIG. 7 1s a top view showing a state in which a degaussing,
cover 1S set to the laser beam oscillator 1n FIG. 6;

FIG. 8 1s an 1llustration showing a beam applying section
of the laser beam machine 1n FIG. 3;

FIG. 9 1s a characteristic diagram showing energy distri-
butions about the optical axis of a laser beam emitted from
an optical fiber of the optical system 1n FIG. 5;

FIGS. 10A to 10D are process illustrations showing a
liquid crystal display device fabrication method for trim-
ming a color filter by the laser beam machine 1n FIG. 3; and

FIG. 11 1s an 1illustration showing the step of laser-
trimming a color filter 1n the fabrication process i FIG. 10.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention 1s described
below by referring to FIGS. 1 to 11.

In this case, FIG. 1 1s a front view of an XY table built
with a laser beam machine of the present invention, FIG. 2
1s a side view of the XY table which 1s not entirely
llustrated, FIG. 3 1s a side view of the whole laser beam
machine including the XY table, FIG. 4 1s a side view of a
satety cover covering the laser beam machine corresponding
to the portion 1n FIG. 3, FIG. § 1s an illustration showing the
layout of an optical system having the optical path of a laser
beam of the laser beam machine, FIG. 6 1s an 1llustration
showing a laser beam oscillator of the laser beam machine,
FIG. 7 1s a top view showing a state 1n which a degaussing
cover 1S set to the laser beam oscillator shown 1n FIG. 6,
FIG. 8 1s an 1illustration showing a laser beam applying
portion of the laser beam machine, FIG. 9 1s a characteristic
diagram showing energy distributions about the optical axis
of a laser beam emitted from an optical fiber of the optical
system shown 1n FIG. 5, FIGS. 10A to 10D are 1llustrations
of steps showing a liquid crystal display device fabrication
method for trimming a color filter by the laser beam
machine, and FIG. 11 1s an 1llustration showing the step of
trimming a color filter in the manufacturing process in FIG.

10.

The laser beam machine of this embodiment, as shown 1n
FIG. 3, comprises machine body 1 for applying a laser beam
(YAG laser) supplied from laser beam oscillator § to a
workpiece by leading the laser beam by an optical system
comprising a lens group and a beam splitter, XY table 2
capable of transferring a mounted workpiece in two direc-
tions perpendicular to each other by a linear motor, surface
plate (base plate) 3 with the machine body 1 and XY table
2 mounted on it, and vibration absorption base 4 with
surface plate 3 mounted on it, and safety cover 7 (see FIG.
4) using cover frame 6 shown by a chain double-dashed line
in FIG. 3 as a support frame covers the laser beam machine,
vacuum pump 8, and the like. Symbol 21 i FIG. 1 shows
an optical surface plate with machine body 1 mounted on it
and optical surface plate 21 1s supported by surface plate 3
through support 22.

XY table 2 built 1n the laser beam machine mainly
comprises attraction table 9 capable of attracting and fixing
a mounted workpiece by attracting air through a plurality of
attraction holes formed on the surface, X table 10 for
rotatably supporting attraction table 9 by nserting cylindri-
cal spindle 104 1nto a shaft hole formed at the bottom center
of attraction table 9, support table 11 with a concave cross
section at whose both ends a pair of parallel X-axis rail
sections 11a for slidably supporting XY table 10 are formed,
X-axis linear motor 12 set inside of support table 11 to
linearly reciprocate XY table 10 along X-axis rail sections
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4

11a, X-axis linear encoder 13 for detecting position data of
X table 10, Y table 14 with support table 11 mounted on 1it,
three Y-axis rails 15 and 16 extending i1n the direction
perpendicular to X-axis rail sections 11a to slidably support
Y table 14, Y-axis linear motor 17 for linearly reciprocating
Y table 14 along Y-axis rails 15 and 16, and Y-axis linear
encoder 18 for detecting position data of Y table 14. An air
gap 15 formed between X table 10 and each of X-axis rail
sections 11a and between Y table 14 and each of Y-axis rails
15 and 16 respectively so that a workpiece can smoothly be
transferred in X and Y axis directions by decreasing the
frictional force with these air gaps.

In FIG. 1, symbol 3a denotes a setting groove formed on
surface plate 3 1n order to make positioning in the cross
direction by inserting the bottom of each of Y-axis rails 15;
symbols 16, 17a, 17b, and 17¢ respectively denote a coil, a
magnet, and a yoke constituting Y-axis linear motor 17; and
symbols 18a and 18b respectively denote a detection section
and a scale section (linear scale) of an optical device or the
like constituting Y-axis linear encoder 18. Moreover, 1n FIG.
2, symbol 105 denotes an air blowolfll surface of X table 10;
symbols 12a, 12b, and 12c¢ respectively denote a coil, a
magnet, and a yoke constituting X-axis linear motor 12,
symbols 13a and 13b respectively denote a detection section
and a scale section (lincar scale) of an optical device
constituting X-axis linear encoder 13; and symbol 20
denotes a motor for rotating attraction table 9 about spindle
10a. Symbol P 1n FIG. 2 denotes a point of application of a
magnetic driving force generated by X-axis linear motor 12.
This embodiment i1s constituted so that X table 10 does not
cause backlash when 1t starts or stops by almost aligning the
point of application P with the center of gravity of X table

10.

The laser beam machine including XY table 2 can move
a workpiece mounted on attraction table 9 at a high posi-
tional accuracy 1n a horizontal plane by controlling XY table
2. Theretore, 1t 1s possible to draw a desired pattern on the
workpiece by irradiation with a spot-like laser beam (beam
spot) emitted from the front end portion (object glass) of the
optical system of machine body 1 by moving the workpiece
along a predetermined orbit to the laser beam.

Linear motors 12 and 17 built in XY table 2 generate a
strong magnetic force 1n order to drive a heavy object.
Therefore, 1n the case of this embodiment, the laser beam
machine 1s completely covered with safety cover 7 mainly
made of a ferromagnetic material so that the magnetic force
of linear motors 12 and 17 does not affect monitoring CRTs
and measuring 1nstruments arranged nearby. That 1s, safety
cover 7, as shown 1n FIGS. 3 and 4, 1s constituted by setting
an 1ron plate or a degaussing plate to cover frame 6 serving,
as a support frame. Specifically, portion “a” i FIG. 4 1s a
portion to which an SUS-304 stainless steel plate 1s set and
portions “b” and “c” are portions comprising a two-layer
structure 1n which an SUS-430 degaussing plate 1s set inside
the SUS-304 stainless steel plate so as to improve the
degaussing effect. Among these portions, portion “c” 1s a
double-leaf cover to be opened or closed and portion “d” 1s
a portion comprising a three-layer structure in which the
outside of a colored acrylic plate has the same structure as
portion “c”. Thus, by covering the laser beam machine with
satety cover 7 having the degaussing effect and moreover
forming a portion which may receive a strong magnetic
force because 1t 1s located nearby linear motors 12 and 17
into a two-layer structure to improve the degaussing etfect,
the magnetic force of linear motors 12 and 17 does not affect
peripheral units and the optical system of laser beam

machine 1 can easily be adjusted by opening the double-leat
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cover of portion “c”. Moreover, 1t 1s possible to directly,
safely, and visually confirm whether a laser beam 1s cor-
rectly applied to a workpiece through the colored acrylic
plate by opening the double-leaf cover of portion “d”.

The structure of machine body 1 of the laser beam
machine 1s described below 1n detail.

Laser beam oscillator 5 has a generally-known structure
in which YAG rod 5b oscillates a laser beam by exciting
YAG rod 5b with an electron beam E generated in arc lamp
Sa as shown 1n FIG. 6. In the case of this embodiment, two
laser beam oscillators 5 are arranged 1n parallel so that two

laser beams can be supplied at the same time as shown 1n
FIGS. § and 7.

Moreover, 1n the case of this embodiment, as shown 1n
FIG. 7, degaussing cover 42 comprising a two-layer struc-
ture made of a ferromagnetic metallic plate and enclosing
both arc lamps Sa 1s provided for the outer periphery of two
laser beam oscillators 5. Specifically, degaussing cover 42
comprises bottom shield plate 42a made of an 1ron plate or
permalloy plate to sufficiently enclose both arc lamps 5a and
top shield plate 42b made of a silicon steel plate and having
a width suitable for the size of both arc lamps 5a. The
magnetic force generated by linear motors 12 and 17 of XY
table 2 1s extremely weakened 1nside of degaussing cover 42
due to the degaussing effect of these two shield plates 42a
and 425 made of a ferromagnetic material. Therefore, elec-
tron beam E of arc lamp Sa of each laser beam oscillator 5
1s not bent due to the magnetic force of linear motors 12 and
17 and thereby, the power or mode of a laser beam supplied
from each laser beam oscillator 5 does not change or the
service life of arc lamp 5a 1s not deteriorated.

The optical system of machine body 1 is described below.
Two laser beams supplied from two laser beam oscillators 5
are led along each optical path shown 1n FIG. §. Because an
optical system having the same structure as the optical
system of machine body 1 is arranged 1n the optical path of
cach laser beam of two laser beam oscillators §, only the
optical system of either laser beam 1s provided with symbols
and described below.

A laser beam emitted from laser beam oscillator § 1s first
reflected by reflecting mirror 24 after passing through
acousto-optical device (AOM) 23 and then, the laser beam
1s made to enter first phase difference plate 25 also referred
to as YaA plate where a linear polarized beam 1s converted to
a circular polarized beam. In this case, acousto-optical
device 23 1s a type of a switching device. When device 23
1s switched on, 1t 1s possible to convert most part of an
incident beam (laser beam) to an unusable beam by adding
ultrasound to distort the optical axis of the beam. That 1s,
acousto-optical device 23 directly passes a laser beam
because 1t 1s kept off while performing laser beam machining,
but 1t 1s changed to the off state to temporarily stop the laser
beam machining.

The circular polarized laser beam emitted from first phase
difference plate 25 1s reflected by reflecting mirror 27 after
passing through diffusion preventive lens 26 and thereafter,
made to enter first beam splitter 28 and divided into linear
polarized beams to be bound for two directions. Thereby,
two divided beams capable of simultancously machining a
plurality of portions with laser beams are obtained.
However, to perform fine machining such as thin-film pre-
cision machining, the power (energy level) of each divided
beam emitted from first beam splitter 28 must equally be set.
In fact, however, a slight fluctuation easily occurs in the
powers of two divided beams (linear polarized beams) due
to a setting error of each member. Therefore, this embodi-
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ment makes 1t possible to easily adjust the powers of two
divided beams by rotatably setting first phase difference
plate 25 1 an optical path and properly rotating phase
difference plate 25.

One divided beam emitted from first beam splitter 28
passes through optical fiber 43 after passing through reflect-
ing mirror 29 and then, 1t 1s made to enter second rotatable
phase-difference plate 30 and converted to a circular polar-
1zed beam again. The circular polarized beam 1s enlarged
into an ellipse after passing through cylindrical lens 31,
made to enter second beam splitter 35, and divided into
linear polarized beams to be bound for two directions.
Similarly, the other divided beam emitted from first beam
splitter 28 passes through reflecting mirror 32 and optical
fiber 44 and then, 1t 1s made to enter third rotatable phase
difference plate 33 and converted to a circular polarized
beam. The circular polarized beam 1s enlarged 1nto an ellipse
after passing through cylindrical lens 34 and then, it 1s made
to enter second beam splitter 35 and divided into linear
polarized beams to be bound for two directions. That 1s,
when a laser beam emitted from laser beam oscillator 5
passes through a predetermined optical path and 1s emitted
from second beam splitter 35, 1t 1s divided into four laser
beams. Also 1n this case, powers of the four divided beams
can easily be adjusted by properly rotating second and third
phase-difference plates 30 and 33.

This embodiment uses a splitter obtained by bonding two
prisms each other as first and second beam splitters 28 and
35 respectively. However, 1t 1s also possible to use a splitter
obtained by forming a reflecting layer on one side of a flat
glass plate.

Moreover, optical fibers 43 and 44 set before second and
third phase difference plates 30 and 33 respectively 1n the
above optical path are generally-known optical fibers
obtained by covering a quartz material with a reflecting film.
Therefore, because a laser beam transmitted while being
reflected by the reflecting film 1s emitted under a state in
which single mode 1s converted to multimode, the energy
distribution curve of laser beams made to enter optical fibers
43 and 44 about the optical axis 1s emitted under a state in
which 1t 1s converted to the top hat shape of the multimode
shown by symbol L1 i FIG. 9, in order words, a state of
increasing the areca of the high-energy domain about the
optical axis.

When four divided beams are emitted from second beam
splitter 35, these beams pass through aperture 36 and then
pass through convergent lens 37 and 1maging lens 38 and
thereafter, they are made to enter object glass 39 located at
the front end of the optical path. Thus, four divided beams
parallel to each other are applied as spots toward machining
surface A from object glass 39. In fact, however, a laser
beam emitted from another laser beam oscillator 5 1s emitted
from another object glass located at the front end of the
optical path to the machining surface as four divided beams.
Therefore, as a result, this embodiment makes it possible to
simultaneously machine a plurality of portions with laser
beams because a total of eight divided beams are applied to
a workpiece arranged on the machining surface as spots.

Moreover, a rectangular light-transmission hole 36a for
passing cach divided beam 1s arranged at four portions on
aperture 36 1n parallel. When each divided beam passes
through light transmission hole 36a opening in the optical
path, the beam 1s formed 1nto a rectangular shape preferred
to high-speed machining. Moreover, each divided beam
made to enter aperture 36 1s a multimode laser beam passing
through optical fiber 43 or 44. Therefore, as long as the
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optical axis of the laser beam 1s not extremely deviated from
the center of light transmission hole 36a opening in the
optical path, the shape of a beam passing through aperture
36 1s formed only at a high-energy portion of the laser beam
but an unnecessary low-energy portion 1s not led to object
glass 39. That is, when the optical axis (position where
horizontal-axis coordinate is 0) of a laser beam made to enter
aperture 36 is slightly deviated from the center (horizontal-
axis coordinate of alternate long and short dash line C) of
light transmission hole 36a with a width w opening in the
optical path as shown 1 FIG. 9, if the energy distribution
curve about the optical axis shows Gaussian normal distri-
bution (shown by broken line 1.2), the lower energy portion
of a laser beam also passes through aperture 36. Therefore,
the low-energy portion 1s applied to machining surface A and
thereby, laser machining 1s not preferably performed at only
the portion. Thus, problems of defective machining such as
trimming width error and fluctuation occur. In the case of
this embodiment, however, the energy distribution curve
about the optical axis of a laser beam made to enter the
aperture 36 has a top hat shape (actual line L.1). Therefore,
even 1f the optical axis 1s slightly deviated from the center
of light transmission hole 364, the low-energy portion of the
laser beam does not pass through aperture 36. Therefore,
beam spot S (see FIG. 8) emitted from object glass 39 can
be set to a laser beam whose light energy about the optical
axi1s 15 almost uniform and dimensional errors of a machined

shape are greatly decreased.

A laser beam emitted from laser beam oscillator § has a
wavelength of 380 nm or less. For example, a color filter at
the portion scanned and 1rradiated with a laser beam com-
prising third harmonic (355 nm) of a laser beam generated
by a solid YAG laser 1s removed by causing thermal defor-
mation such as fusion, evaporation, or sublimation on the
color filter. Particularly when a short-wavelength laser beam
with a wavelength of 280 nm or less 1s used, it 1s possible
to prevent an undesired result that a laser beam entering a
transparent substrate (glass substrate) is reflected on the
other side of the transparent substrate (glass substrate) and
the reflected laser beam 1s applied to other color filter to
remove a part of the color filter because the short-
wavelength laser beam with a wavelength of 280 nm or less
does not enter the transparent substrate (glass substrate)
(light transmittance of 0%) through one side of the trans-
parent substrate (glass substrate). Thus, it is possible to
fabricate a color filter with a higher machining quality.

FIG. 8 shows beam applying section 40 including object
olass 39 located at the front end of the above optical path,
which 1s provided with not only funnelform nozzle 41 for
surrounding beam spot S but also air feed section 40a for
jetting compressed air between nozzle 41 and object glass 39
and air attraction section 40b for forcibly attracting the air
nearby the front end of nozzle 41 so that a compressed air
stream (arrow in FIG. 8) is formed from the upper side to the
lower side along the conical inner wall surface of nozzle 41.
That 1s, this embodiment attracts most of smoke produced in
laser machining by air attraction section 40b and leads 1t to
an exhaust route so that the smoke containing metallic
components does not affect the health of nearby operators.
Even 1f some of the smoke enters nozzle 41, it 1s quickly
exhausted from the bottom to the top of nozzle 41 by the
compressed air stream so that it 1s not attracted 1nto air
attraction section 40b. Therefore, smoke hardly affects beam
spot S and object glass 39.

This embodiment trimmed a color filter while a liquid
crystal display device 1s fabricated and formed a desired
color filter surrounded by an opaque film by the above laser
beam machine.
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The above fabrication art 1s described below. First, as
shown 1n FIG. 10A, a plurality of transparent electrodes 51
extending 1n one direction at a certain pitch are formed on
one side of transparent substrate 50 such as a glass substrate
by patterning ITO. Then, as shown 1n FIG. 10B, color filters
52 of R (red), G (green), and B (blue) are superposed on each
transparent electrode 51 1n a predetermined arrangement by
a technique such as the electrodeposition method or printing,
method. In this connection, for the example 1n FIG. 10B,
color filters 52 are superposed 1n order of R, G, B, R, G, B,
R . .. After the color filters are superposed, they are baked
at approx. 250° C. to solidify color filters 52.

Thereafter, transparent substrate 50 1s mounted on attrac-
tion table 9 of XY table 2 to perform laser trimming for
locally removing R, G, and B color filters 52 by applying
cight divided beams at a certain pitch 1 the direction
perpendicular to the longitudinal direction of color filters 52
while controlling XY table 2. Thereby, as shown in FIG.
10C, color filters 52 are obtained which are arranged 1n a
predetermined layout though an opaque film 1s not formed.
In FIG. 11 schematically showing the laser trimming of
color filters 52, transparent substrate 50 on attraction table 9
1s transferred in the direction perpendicular to the paper
surface of FIG. 11 and beam spot S applied from object glass

39 removes unnecessary portions from color filters 52 1n
accordance with the movement of substrate 50.

After unnecessary portions are removed from color filters
52, opaque film 53 1s formed at the gapped portion around
color filters 52 by applying black resist to the color filter

formed surface of transparent substrate 50 and drying 1t, and
then applying exposure light to the black resist from the

other side and removing unexposed black resist as shown 1n
FIG. 10D.

Thus, the fabrication art of this embodiment of forming
color filter 52 or opaque film 53 makes 1t possible to adjust
powers of a plurality of divided beams by properly rotating
phase difference plates 25, 30, and 33 arranged 1n the optical
path of a laser beam so that the powers are not fluctuated.
Therefore, as shown 1n FIG. 11, 1t 1s possible to easily supply
a predetermined beam power for removing only color filters
52 from transparent electrode 51 corresponding to each
divided beam neither. Thus, 1t 1s possible to efficiently apply
laser-trimming to color filters 52 and greatly decrease the
trimming time by applying a plurality of divided beams
(specifically, 8 divided beams) to a plurality of portions at
the same time. Moreover, as described above, this embodi-
ment makes 1t possible to set beam spot S emitted from
object glass 39 to a laser beam with an almost uniform light
energy distribution about the optical axis and thereby per-
form accurate laser machining with less dimensional error or
fluctuation in the trimming widths of color filters 52 because
an energy distribution curve about the optical axis of a laser
beam made to enter aperture 36 1s formed into a top hat
shape so that the low energy portion of the curve does not
pass through aperture 36. Moreover, because this embodi-
ment does not require a photoresist layer which must have
been formed before baking a color filter 1n the case of the
prior art, a problem does not occur that photoresist causes
se1zing and 1t 1s hardly removed and therefore, an advantage
1s also obtained that non-defective opaque film 53 can be
formed around color filters 52.

When removing only color filters 52 by leaving transpar-
ent electrode S1 like the case of this embodiment, static
electricity 1s not easily generated 1n the cleaning step and the
rubbing step performed after removing the color filters.
Therefore, an advantage 1s obtained that display 1rregularity
or damage of an orientation film of a liquid crystal display
device due to static electricity can be avoided.
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As described above, the liquid crystal display device
fabrication method of the present invention laser-trims color
filters 1 a direction perpendicular to the longitudinal direc-
tion of the color filters at a certain pitch by applying a
plurality of divided beams to a workpiece in which a
plurality of transparent electrodes and color {filters super-
posed on the transparent electrodes are previously formed on
a transparent substrate while mounting the workpiece on an
XY table and moving it along a predetermined orbat.
Moreover, the method of the present invention prevents the
powers of divided beams from {fluctuating by properly
rotating a phase difference member provided for the optical
system of a laser beam machine. Therefore, the method of
the present invention has excellent advantages that it 1s
possible to omit the masking step and the photoresist expos-
ing and developing steps, simplify the fabrication process,
avold 1nsuflicient exposure of an opaque film due to seizing
of photoresist, and resultingly form a non-defective opaque
film around color filters at a low cost.

Moreover, because a short-wavelength laser beam,
specifically, a short-wavelength laser beam with a wave-
length of 380 nm or less is used to locally remove red (R),
green (G), and blue (B) color filters by a common laser
beam, the light transmittance of a short-wavelength laser
beam with a wavelength of 380 nm or less to red (R), green
(G), and blue (B) color filters comes to approx. 10% or less
respectively and a short-wavelength laser beam with a
wavelength of 380 nm or less 1s almost uniformly reflected
on red (R), green (G), and blue (B) color filters. Moreover,
when a short-wavelength laser beam with a wavelength of
380 nm or less is almost uniformly reflected on red (R),
green ((G), and blue (B) color filters, removal (cutting)
widths of red (R), green (G), and blue (B) color filters by a
short-wavelength laser beam with a wavelength of 380 nm
or less become equal. Therefore, there are advantages that
red (R), green (G), and blue (B) color filters can be equalized
in size, the machining quality of color filters can be pre-
vented from deteriorating, and color filters with a high
display quality can be fabricated.

What 1s claimed 1s:

1. A laser beam machine comprising:

a laser beam oscillator operative to produce a laser beam;
and

an optical system operative to guide said laser beam along
a predetermined optical path, said optical system
including a beam forming member operative to form a
beam shape by passing said laser beam through a
through-hole, an object glass operative to focus the
laser beam emitted from said beam forming member to
a spot and apply the focussed laser beam to a
workpiece, an acousto-optical switching device, and a
mode converting member operative to convert an
energy distribution of an 1ncoming laser beam to a
multimode distribution in which a high-energy domain
of said mmcoming laser beam 1s expanded, said mode
converting member additionally operative to emit a
laser beam of said energy distribution about an optical
axis of said incoming laser beam, said laser beam

10

15

20

25

30

35

40

45

50

55

10

emitted from said mode converting member being
oguided to enter said beam forming member, the work-
piece mounted on a stage adjustable 1n two independent
orthogonal directions by linear motors, the switching
device operative to stop the laser beam from being
applied to the workpiece 1n response to a position of the
stage.

2. A laser beam machine according to claim 1, wherein
said mode converting member comprises a quartz member
covered with a reflective film.

3. A laser beam machine according to claim 1, wherein
salid mode converting member comprises an optical fiber.

4. Alaser beam machine according to claim 1, wherein the
through-hole of said beam forming member has a rectangu-
lar shape having a width not greater than a width of the
expanded high-energy domain and disposed substantially
around the center of the expanded high-energy domain.

5. A laser beam machine according to claim 1, wherein a
cylindrical lens 1s disposed between said mode converting
member and said beam forming member.

6. A laser beam machine comprising:

a laser beam oscillator operative to produce a laser beam;
and

an optical system operative to guide said laser beam along

a predetermined optical path, said optical system

including an object glass disposed at a front end of said

optical system and operative to focus to a spot and
apply the focussed laser beam to a workpiece, a phase
difference member operative to convert a linear polar-
1zed beam of the laser beam produced by said laser
beam oscillator to a circular polarized beam, an
acousto-optical switching device, and a beam splitter
operative to divide said circular polarized beam emitted
from said phase difference member 1nto a plurality of
linear polarized beams directed 1n different directions,
the workpiece mounted on a stage adjustable 1 two
orthogonal directions by independent linear motors, the
switching device operative to stop the laser beam from
being applied to the workpiece in response to a position

of the stage.

7. A laser beam machine according to claim 6, wherein
said optical system 1s provided with a pair of second phase
difference members operative to convert the linear polarized
beams emitted from said beam splitter to circular polarized
beams and a second beam splitter operative to divide the
circular polarized beams emitted from said second phase
difference members 1nto linear polarized beams directed in
different directions and emitting a total of four linear polar-
1zed beams.

8. A laser beam machine according to claim 6, wherein
said phase difference members are rotatable about an optical
ax1s of said laser beam.

9. A laser beam machine according to claim 6, wherein
said beam splitter comprises a glass plate with a reflective
film formed on a side proximate to said linear polarized
beams.
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